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The photo-excited state associated with superconducting fluctuation above the superconducting
critical temperature Tc is studied based on the time-dependent Ginzburg-Laundau approach. The
excited state is created by an electric-field pulse and is probed by a weak secondary external field,
which is treated by the linear response theory mimicking pump-probe spectroscopy experiments. The
behavior is basically controlled by two relaxation rates: one is γ1 proportional to the temperature
measured from the critical point T − Tc and the other is γ2 proportional to the excitation intensity
of the pump pulse. The excited state approaches the equilibrium state exponentially in a long time
t  γ−11 , while in the intermediate time domain we find a power-law or logarithmic decay with
different exponents for t γ−12 and γ−12  t γ−11 , even though the system is located away from
the critical point. This is interpreted as the critical point in equilibrium being extended to a finite
region in the excited situation. The parameter dependences on both the pump and probe currents
are also systematically studied in all dimensions.
I. INTRODUCTION
Externally excited systems can show various exotic
states that are not realizable as equilibrium states but
nevertheless survive for a long time in non-equilibrium.
Such a possibility has been intensively studied by pump-
probe experiments using a laser pulse, and the intriguing
photo-excitated states have been created and measured
[1–8]. For superconducting materials in strongly corre-
lated systems, recent experiments have shown gigantic
enhancement of superconductivity in a photo-induced
state [4, 9–15], which has considerable attention in the
physics community. While the change in the electron-
phonon coupling through the phonon drive has been
studied as the origin of the photo-induced superconduct-
ing state [16–26], photons also pump the electrons di-
rectly. Some of the theoretical studies have proposed sce-
narios based on photo-excited electron systems [27, 28].
The superconductivity-like behavior above the tran-
sition temperature Tc is reminiscent of paraconductiv-
ity originating from the fluctuation effects: the electron
conduction near the superconducting transition point be-
comes much higher than in the normal state. Usually,
the superconducting fluctuation is so small in three di-
mensional systems that it has been mainly discussed in
low-dimensional systems [29]. With excitations, however,
the fluctuation effects may change. Here, we study such
a photo-induced phenomenon associated with the su-
perconducting fluctuation based on the time-dependent
(TD) Ginzburg-Landau (GL) approach.
The GL theory has been successfully applied to un-
conventional superconductors [30]. In the strongly corre-
lated systems, since the coherence length can be an or-
der of a lattice constant, the application of GL analysis
may not be justified but still well describes their quali-
tative behaviors. This indicates that extrapolation from
the long wavelength (coherence length) limit works well
for existing superconductors. As for the time-dependent
case, it is argued that the TDGL equation is not mi-
croscopically justified for gapped superconductors, be-
cause the relaxation time of quasiparticles can become
longer than the time scale of the order parameter vari-
ation [31]. On the other hand, once the TDGL equa-
tion is empirically introduced as a phenomenological the-
ory, it has been recognized as a powerful tool for time-
dependent phenomena such as vortex dynamics and fluc-
tuation paraconductivity/diamagnetism [29, 32]. Fur-
thermore, specifically for the paraconductivity defined in
T > Tc, there is no gap in the excitation spectrum and
the TDGL approach can be justified.
The TDGL theory has been applied to the pump-
probe spectroscopy below the transition temperature
[27]. With a fast pump process in real time, a broad
range of frequency components are excited. The TDGL
equation can account for the dynamics of small-frequency
components, which should dominate the long-time be-
havior. In this paper, we consider the superconducting
fluctuation effects in the photo-excited state using the
TDGL equation above the transition temperature, and
the behaviors in the whole time scale can be uniquely
determined. The quench dynamics of superconducting
fluctuations with a sudden change of an attractive inter-
action has been discussed in Ref. 33. We here consider
purely electronic effects in photo-excited systems. The
original paper by Schmid has derived the fluctuation-
induced current for arbitrary strength of electric fields
[34]. Also, recently the non-linear response is considered
in relation to the nonreciprocal transport phenomena in
noncentrosymmetric systems [35–37]. Thus the TDGL
theory has the ability to tackle the problem beyond the
usual linear-response regime.
When we apply the strong electric-field pulse, there are
two characteristic inverse-time scales γ1 and γ2. γ1 orig-
inates from the reduced temperature measured from the
critical temperature Tc, and determines a time constant
for the relaxation into the equilibrium state. The other
one γ2 comes from the strength of the electric-field pulse.
We show that for t→∞, the system relaxes to the equi-
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2librium state with the time constant γ−11 , but in the inter-
mediate time domain, the power-law or logarithmically
decaying regimes are found. The exponents are different
between the time regions t  γ−12 and t  γ−12 . As
for the conductivity calculated from the probe current,
the enhancement by the pulse is not observed. On the
other hand, the anisotropy shows a nontrivial behavior:
although the system is spatially anisotropic due to the
photo-induced current, the excited current quickly damps
compared to the superconducting fluctuation. Hence we
find an isotropic but still non-equilibrium state, which is
confirmed through the properties of probe currents. We
also perform a systematic study on the parameter de-
pendences on the pump and probe electric currents in all
dimensions.
This paper is organized as follows. Section II pro-
vides the theoretical formalism for pump-probe proce-
dure based on the TDGL approach. The numerical re-
sults are given in Sec. III and Sec. IV where different
pump procedures are taken. We summarize these re-
sults in Sec. V. Appendices A and B are devoted to the
detailed explanation for our numerical calculation, and
Appendix C summarizes the equilibrium property real-
ized for t < 0 (before the pump) and t → ∞. The addi-
tional data for three and one dimensions are also shown
in Appendix D.
II. PUMP-PROBE PROCEDURE IN TDGL
EQUATION
A. General Formulation
Let us begin with the TDGL equation with a random
force [34]
Γ
∂
∂t
ψ(r, t) = −δF [ψ,A]
δψ∗(r, t)
+ f(r, t), (1)
F [ψ,A] =
∫
drψ∗(r, t)
(
a− [∇− 2ieA(r, t)]
2
4m
)
ψ(r, t),
(2)
j(r, t) = −δF [ψ,A]
δA(r, t)
, (3)
where F and j are the GL free energy and superconduct-
ing current density, respectively, and Γ is a time devel-
opment factor. We have taken ~ = kB = 1 unless other-
wise stated explicitly. The classical complex field ψ(r, t)
is the superconducting order parameter or macroscopic
wave function. We consider the spatially uniform electric
field and the vector potential can be chosen as the one
dependent only on time: A(r, t) = A(t). We note that
the fourth-order term |ψ(r, t)|4 is irrelevant here, since
we consider the system above the transition temperature
(T > Tc). The photo-excitations in the superconducting
state below Tc has been discussed in Ref. 27. The coeffi-
cient of the second-order term behaves as a = a′(T − Tc)
(> 0) with an order-of-unity constant a′. The random
force f(r, t) is also introduced to represent the thermal
fluctuation. Performing the Fourier transformation, we
get
Γ
∂
∂t
ψq(t) = −
(
[q − 2eA(t)]2
4m
+ a
)
ψq(t) + fq(t). (4)
The solution for the macroscopic wave function is then
written as
ψq(t) =∫ t
−∞
dt′
Γ
fq(t
′) exp
[
−
∫ t
t′
dt′′
Γ
(
[q − 2eA(t′′)]2
4m
+ a
)]
.
(5)
We assume that fq(t) is spatially and temporally un-
correlated such that the random average (written by a
bracket symbol) is given by
〈
f∗q (t)fq′(t
′)
〉
=
C
V
δqq′δ(t− t′), (6)
where V is a system volume. The constant C is deter-
mined so that the random average is identical to the ther-
mal average [34], which results in C = 2ΓV T .
The most fundamental physical quantity in our system
is the superconducting fluctuation 〈|ψ|2〉. With the ran-
dom force, the effect of the superconducting fluctuation
can be taken into account and the quantity 〈|ψq(t)|2〉 be-
comes finite. Since the quantity with the wavevector q is
gauge-dependent, we consider the real-space quantity
〈|ψ(r, t)|2〉 = 1
V
∑
q
〈|ψq(t)|2〉, (7)
which is now a gauge-invariant quantity, and is also spa-
tially uniform in our present setup. In the analysis, we
separate the contributions from the equilibrium state and
the non-equilibrium one, and define the deviation by
δ〈|ψq(t)|2〉 = 〈|ψq(t)|2〉 − 〈|ψq(t)|2〉eq, (8)
where 〈· · ·〉eq stands for the equilibrium value. In the
following, we use δO as the deviation of the quantity O
from that in equilibrium state.
We separate the vector potential into two parts as
A = A0 + A1 where A0 and A1 represent pump and
probe lights, respectively. The vector potential A1 for
the probe is treated by the linear-response theory. The
fluctuation contribution to the electric current density is
given by
j(t) =
∑
q
e
mV
[q − 2eA(t)] 〈|ψq(t)|2〉 = j0(t) + j1(t),
(9)
3(d)(c)(a) (b)
A0
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E(t)
<latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1 WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB /hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zru d6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRsNOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUa L4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuI HKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0KzfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8P ctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1aw y1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7IWc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4 PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9 ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB 5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmk XJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC 59vfFMefpv6s4/BcjpuTm</latexit><latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1 WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB /hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zru d6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRsNOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUa L4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuI HKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0KzfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8P ctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1aw y1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7IWc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4 PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9 ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB 5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmk XJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC 59vfFMefpv6s4/BcjpuTm</latexit><latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1 WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB /hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zru d6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRsNOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUa L4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuI HKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0KzfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8P ctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1aw y1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7IWc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4 PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9 ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB 5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmk XJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC 59vfFMefpv6s4/BcjpuTm</latexit><latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1 WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB /hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zru d6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRsNOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUa L4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuI HKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0KzfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8P ctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1aw y1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7IWc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4 PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9 ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB 5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmk XJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC 59vfFMefpv6s4/BcjpuTm</latexit>
pump
E1
<latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit><latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit><latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit><latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit>
probe
2⇡/⌦
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<latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit>
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<latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit><latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit><latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit><latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit>
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t
<latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD5 9qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPn lwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/Z JaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTK hmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409T wM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3QwPeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqT kat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcd xL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0BbtuhW7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit>
2⇡/⌦
<latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit><latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit><latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit><latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit>
pump
probe
E1
<latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit><latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit><latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit><latexit sha1_base64="LJWzaXFveAXhnDL66EFZEpmld5g=">AAAJS3iclVZLa9RQFD6trU7ro61uFDfFoaIg5U4R FBEptYJupA/7gM50SNLbMUxeJOloTecPCG7twpWCC/FnuHHj0kV/grisIEgXfvckY+tMHm2GSc797jlfzv3OfUT3LDMIhdjr6z81MHj6TGlo+Oy58xdGRscuLgfulm/IJcO1XH9V1wJpmY5cCs3QkqueLzVbt+SK3nyo+lda0g9M13kWbnuyZm sNx9w0DS0EtPioXqmPlsWk4Gu816gkRpmSa84dG7hCVdoglwzaIpskORTCtkijAL81qpAgD1iNImA+LJP7JbVpGLFb8JLw0IA2cW+gtZagDtqKM+BoA2+x8PcROU4T4rv4JPbFV/FZ/BAHmVwRc6hctvHU41jp1UdeX178XRhl4xnS88OonAgd 3tljUv0+7CbsMNfPZnU24eVDqwbenuevtArhfZc1MqGZx4hSz4jzbr3a3V+8tzARXRcfxE/o9l7siS9Qzmn9Mj7Oy4V3zO4g5gWrbPO4HdQ1Ah4kmbe5mjXGOhneAH8Z6Diww2xvJvlmMdo5jFW00jir8M5ntXJY11I5a4V5po3dTh29faLxpy lgZ2hgn0gFO1UHO1UJu0uLbFYNnEEG404G405Bpj5wDSzthC9eaT6siBZ4f8iPN7nVYM9ehie8GvMZHvMqN3tyMDivCP1FDAEwn/2OxsfoceIlvcR6dbuUPToONbp1PJXCx2OT6AkzanU/o1YPCpgNrlabd+F13vGV8kp7vzAyRtSepPG+pDKb SpmXKq9buE+lzMy8N2wA71TQ+3fGxDMrL+4pz2qLV4pq66x3lU+dDp7PMJtR99nCyCafRBGe9ZSaz3B8zODzTp418ux5s8F7f6fWt3Av5jNTV5J5rFzUuRTwWnKBxTwtrkZ3zzC+Mird3xS9xvLUZAX2/O3y9EzyvVGiq3QNu26F7tA0VtccLS GTBr2ht7Rb+lbaL/0pHcSu/X1JzCX67xoa/AvDNeNR</latexit>
2⇡/⌦
<latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit><latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit><latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit><latexit sha1_base64="Ut5Bn2pekNiSSqX9cjJJp4LAicI=">AAAJU3iclVZLb9NAEJ6WAkmhtIUL iEtFVARS1W4iJBBCqCo9wAX6oA8pSSPb3YZVvLa1dgPFzR/gjjgggUDigPgZXPgDPfQnII5F4gAHZscOLYkfraPYs9/OfJ79Zh82PVv4AWP7A4Onhk6fOVsoDp87P3JhdGz84qrvbiuLr1iu7ap10/C5LRy+EojA 5uue4oY0bb5mth7o/rU2V75wnafBjsfr0mg6YktYRoBQtVLzxEztieRNozFWYtOMrol+oxwbJYivBXd86ArUYBNcsGAbJHBwIEDbBgN8/FWhDAw8xOoQIqbQEtTPoQPDGLuNXhw9DERbeG9iqxqjDrY1p0/RFr7F xr/CyAmYZHvsMztg39gX9p39SeUKiUPnsoNPM4rlXmP01eXlX7lREp8BPDuMyogw0Tt9TLpfod1CO8j0k6TOFnop1KqJb8/y11oF6H2HNBKomUeIVs+K8m6/fHOwfHdpMrzOPrIfqNsHts++onJO+6f1aZEvvSV 2B2Oek8qSxu1gXUPE/TjzDlWzTlg3wxvIX0J0ArHDbG/G+aYxygzGGraSOGvonc1qZ7BWEznruXkmjV0mjl6eaPxJCsgUDeSJVJCJOshEJWSPFumsBnL6KYy7KYy7OZkqxA1k6cR80UpTaIWwRPtDdrygVpM8+xk e0WrMZnhIq1z05WBRXiH25zH4iCnyOxofoceJ5/AC16vbo+zRcejRbeBTK3w8No49QUqt7qXU6n4Os0XV6tAuvEE7vlZea69yIyNE70kG7Us6s0rCvNR5TeG9kjAzs96wiXi3gt6/MyaaWVlxj2lW27RSdNskvWt 06nTxbIb5lLrP50a26CQK8dlIqPkcxUcMinbytJGnz5tN2vu7tZ7Cez6fSFxJ4li56HPJp7XkIhbxtKkavT3D+JVR7v2m6DdWK9NltBdvlWbn4u+NAlyFa7jrluE2zOLqWoAVyuQ1vIP3hb3C7+JgcShyHRyIYy 7Bf1dx5C/ZPeSp</latexit>
0
<latexit sha1_base64="v4vGAbA6bFR+PovoNgrp2H0xPQQ=">AAAJSXiclVZLa9RQFD59qNP6a KsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4 G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmhPrw2UxIfga7TYqiVGm5Jp1R/ovUZU2yCWDtskmSQ6FsC3SKMBvlSokyANWowiYD8vkfkktGkTsNrwkPDSgDdzraK0mqIO24g w42sBbLPx9RI7SmPgi3ot98Ul8EF/Fn0yuiDlULjt46nGs9NaHnl1c+FkYZeMZ0tZBVE6EDu/sMal+H3YDdpjrZ7M6m/DyoVUdb8/zV1qF8L7FGpnQzGNEqWfEeTefvtpfuD0/Fl0Vb8U36PZG7ImPUM5 p/jDezcn518zuIOYxq2zzuB3UNQIeJJm3uJo1xtoZXgN/GegosINsryf5ZjHaOYxVtNI4q/DOZ7VyWFdTOWuFeaaN3U4dvX2s8acpYGdoYB9LBTtVBztVCbtDi2xWDZxBBuNuBuNuQaY+cA0srYQvXmk+ rIjmeX/Ijze5VWfPboYHvBrzGe7zKje7cjA4rwj9RQwBMJ/9DsfH6FHiJT3BenU7lD08DjW6NTyVwkdjk+gJM2p1J6NWdwuYDa5Wi3fhNd7xlfJKe78wMkbUnqTxvqQym0yZlyqvcdwnU2Zm3hs2gLcr6 P07Y+KZlRf3kGe1xStFtXXWu8qnThvPZ5jJqPtMYWSDT6IIz/WUmk9zfMzg806eNfLsebPBe3+71uO4F/OZqSvJPFIu6lwKeC25wGKeJlejs2cQXxmVzm+KbmNpcqICe+5GeWo6+d4o0WW6gl23QjdpCq trlhaRiaTn9IJelj6Xvpd+lX7Hrr09ScwF+u8a6PsLrc3imA==</latexit><latexit sha1_base64="v4vGAbA6bFR+PovoNgrp2H0xPQQ=">AAAJSXiclVZLa9RQFD59qNP6a KsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4 G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmhPrw2UxIfga7TYqiVGm5Jp1R/ovUZU2yCWDtskmSQ6FsC3SKMBvlSokyANWowiYD8vkfkktGkTsNrwkPDSgDdzraK0mqIO24g w42sBbLPx9RI7SmPgi3ot98Ul8EF/Fn0yuiDlULjt46nGs9NaHnl1c+FkYZeMZ0tZBVE6EDu/sMal+H3YDdpjrZ7M6m/DyoVUdb8/zV1qF8L7FGpnQzGNEqWfEeTefvtpfuD0/Fl0Vb8U36PZG7ImPUM5 p/jDezcn518zuIOYxq2zzuB3UNQIeJJm3uJo1xtoZXgN/GegosINsryf5ZjHaOYxVtNI4q/DOZ7VyWFdTOWuFeaaN3U4dvX2s8acpYGdoYB9LBTtVBztVCbtDi2xWDZxBBuNuBuNuQaY+cA0srYQvXmk+ rIjmeX/Ijze5VWfPboYHvBrzGe7zKje7cjA4rwj9RQwBMJ/9DsfH6FHiJT3BenU7lD08DjW6NTyVwkdjk+gJM2p1J6NWdwuYDa5Wi3fhNd7xlfJKe78wMkbUnqTxvqQym0yZlyqvcdwnU2Zm3hs2gLcr6 P07Y+KZlRf3kGe1xStFtXXWu8qnThvPZ5jJqPtMYWSDT6IIz/WUmk9zfMzg806eNfLsebPBe3+71uO4F/OZqSvJPFIu6lwKeC25wGKeJlejs2cQXxmVzm+KbmNpcqICe+5GeWo6+d4o0WW6gl23QjdpCq trlhaRiaTn9IJelj6Xvpd+lX7Hrr09ScwF+u8a6PsLrc3imA==</latexit><latexit sha1_base64="v4vGAbA6bFR+PovoNgrp2H0xPQQ=">AAAJSXiclVZLa9RQFD59qNP6a KsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4 G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmhPrw2UxIfga7TYqiVGm5Jp1R/ovUZU2yCWDtskmSQ6FsC3SKMBvlSokyANWowiYD8vkfkktGkTsNrwkPDSgDdzraK0mqIO24g w42sBbLPx9RI7SmPgi3ot98Ul8EF/Fn0yuiDlULjt46nGs9NaHnl1c+FkYZeMZ0tZBVE6EDu/sMal+H3YDdpjrZ7M6m/DyoVUdb8/zV1qF8L7FGpnQzGNEqWfEeTefvtpfuD0/Fl0Vb8U36PZG7ImPUM5 p/jDezcn518zuIOYxq2zzuB3UNQIeJJm3uJo1xtoZXgN/GegosINsryf5ZjHaOYxVtNI4q/DOZ7VyWFdTOWuFeaaN3U4dvX2s8acpYGdoYB9LBTtVBztVCbtDi2xWDZxBBuNuBuNuQaY+cA0srYQvXmk+ rIjmeX/Ijze5VWfPboYHvBrzGe7zKje7cjA4rwj9RQwBMJ/9DsfH6FHiJT3BenU7lD08DjW6NTyVwkdjk+gJM2p1J6NWdwuYDa5Wi3fhNd7xlfJKe78wMkbUnqTxvqQym0yZlyqvcdwnU2Zm3hs2gLcr6 P07Y+KZlRf3kGe1xStFtXXWu8qnThvPZ5jJqPtMYWSDT6IIz/WUmk9zfMzg806eNfLsebPBe3+71uO4F/OZqSvJPFIu6lwKeC25wGKeJlejs2cQXxmVzm+KbmNpcqICe+5GeWo6+d4o0WW6gl23QjdpCq trlhaRiaTn9IJelj6Xvpd+lX7Hrr09ScwF+u8a6PsLrc3imA==</latexit><latexit sha1_base64="v4vGAbA6bFR+PovoNgrp2H0xPQQ=">AAAJSXiclVZLa9RQFD59qNP6a KsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXfQniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4 G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmhPrw2UxIfga7TYqiVGm5Jp1R/ovUZU2yCWDtskmSQ6FsC3SKMBvlSokyANWowiYD8vkfkktGkTsNrwkPDSgDdzraK0mqIO24g w42sBbLPx9RI7SmPgi3ot98Ul8EF/Fn0yuiDlULjt46nGs9NaHnl1c+FkYZeMZ0tZBVE6EDu/sMal+H3YDdpjrZ7M6m/DyoVUdb8/zV1qF8L7FGpnQzGNEqWfEeTefvtpfuD0/Fl0Vb8U36PZG7ImPUM5 p/jDezcn518zuIOYxq2zzuB3UNQIeJJm3uJo1xtoZXgN/GegosINsryf5ZjHaOYxVtNI4q/DOZ7VyWFdTOWuFeaaN3U4dvX2s8acpYGdoYB9LBTtVBztVCbtDi2xWDZxBBuNuBuNuQaY+cA0srYQvXmk+ rIjmeX/Ijze5VWfPboYHvBrzGe7zKje7cjA4rwj9RQwBMJ/9DsfH6FHiJT3BenU7lD08DjW6NTyVwkdjk+gJM2p1J6NWdwuYDa5Wi3fhNd7xlfJKe78wMkbUnqTxvqQym0yZlyqvcdwnU2Zm3hs2gLcr6 P07Y+KZlRf3kGe1xStFtXXWu8qnThvPZ5jJqPtMYWSDT6IIz/WUmk9zfMzg806eNfLsebPBe3+71uO4F/OZqSvJPFIu6lwKeC25wGKeJlejs2cQXxmVzm+KbmNpcqICe+5GeWo6+d4o0WW6gl23QjdpCq trlhaRiaTn9IJelj6Xvpd+lX7Hrr09ScwF+u8a6PsLrc3imA==</latexit>
t1
<latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit><latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit><latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit><latexit sha1_base64="680gNUt2hx12ehr26Bm+arc7K/U=">AAAJS3iclVZLa9RQFD6trU7ro61uF DfFoaJQyp0iKCJSahe6kT7sAzrTIUlvxzB5kaSjNZ0/ILi1C1cKLsSf4caNSxf9CeKygiBd+N2TjK0zebQZJjn3u+d8Ofc79xHds8wgFGK/r//MwODZc6Wh4fMXLl4aGR27vBK4274hlw3Xcv01XQukZTpyOTRDS65 5vtRs3ZKrevOR6l9tST8wXedZuOPJmq01HHPLNLQQ0FJYr9RHy2JK8DXea1QSo0zJNe+ODVyjKm2SSwZtk02SHAphW6RRgN86VUiQB6xGETAflsn9kto0jNhteEl4aECbuDfQWk9QB23FGXC0gbdY+PuIHKcJ8V18 Egfiq/gsfojDTK6IOVQuO3jqcaz06iOvry79Loyy8Qzp+VFUToQO7+wxqX4fdhN2mOtnszpb8PKhVQNvz/NXWoXwvscamdDMY0SpZ8R5t17tHSzdX5yIbooP4id0ey/2xRco57R+GR8X5OI7ZncQ84JVtnncDuoaA Q+SzNtczRpjnQxvgb8MdBzYUba3k3yzGO0cxipaaZxVeOezWjms66mctcI808Zup47ePtX40xSwMzSwT6WCnaqDnaqE3aVFNqsGziCDcTeDcbcgUx+4BpZ2whevNB9WRIu8P+THm9xqsGcvwxNejfkMj3mVmz05GJx XhP4ihgCYz37H42P0JPGSXmK9ul3KHh+HGt0Gnkrhk7FJ9IQZtXqQUauHBcwGV6vNu/AG7/hKeaW9XxgZI2pP0nhfUplNp8xLldck7tMpMzPvDZvAOxX0/p0x8czKi3vKs9rilaLaOutd5VOng+czzGXUfa4wsskn UYRnPaXmsxwfM/i8k2eNPHvebPLe36n1JO7FfGbqSjJPlIs6lwJeSy6wmKfF1ejuGcZXRqX7m6LXWJmeqsBeuFOemU2+N0p0nW5g163QXZrB6pqnZWTSoDf0lvZK30oHpT+lw9i1vy+JuUL/XUODfwFlvOOA</lat exit> t
<latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD59qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXf QniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/ZJaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw 1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTKhmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409TwM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3Qw PeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqTkat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcdxL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0Bbtuh W7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD59qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXf QniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/ZJaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw 1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTKhmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409TwM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3Qw PeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqTkat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcdxL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0Bbtuh W7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD59qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXf QniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/ZJaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw 1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTKhmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409TwM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3Qw PeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqTkat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcdxL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0Bbtuh W7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit><latexit sha1_base64="78sZVc0+nkANGxz3jReoIC6ZY+4=">AAAJSXiclVZLa9RQFD59qNP6aKsbxU1xqCiUcqcIioiU2oVupA/7gM60JOntNExeJOloTecP6FZx4UrBhfgz3AiuXf QniCupoIgLv3uSsXUmjzbDJOd+95wv537nPqJ7lhmEQuz19Pb1nzh5qjQwePrM2XNDwyPnlwJ32zfkouFarr+ia4G0TEcuhmZoyRXPl5qtW3JZb9xT/ctN6Qem6zwKdzxZs7W6Y26ahhYCmgvXh8tiQvA12m1UEqNMyTXrjvRfoiptkEsGbZNNkhwKYVukUYDfKlVIkAesRhEwH5bJ/ZJaNIjYbXhJeGhAG7jX0VpNUAdtxRlwtIG3WPj7iBylMfFFvBf74pP4IL6KP5lcEXOoXHbw 1ONY6a0PPbu48LMwysYzpK2DqJwIHd7ZY1L9PuwG7DDXz2Z1NuHlQ6s63p7nr7QK4X2LNTKhmceIUs+I824+fbW/cHt+LLoq3opv0O2N2BMfoZzT/GG8m5Pzr5ndQcxjVtnmcTuoawQ8SDJvcTVrjLUzvAb+MtBRYAfZXk/yzWK0cxiraKVxVuGdz2rlsK6mctYK80wbu506evtY409TwM7QwD6WCnaqDnaqEnaHFtmsGjiDDMbdDMbdgkx94BpYWglfvNJ8WBHN8/6QH29yq86e3Qw PeDXmM9znVW525WBwXhH6ixgCYD77HY6P0aPES3qC9ep2KHt4HGp0a3gqhY/GJtETZtTqTkat7hYwG1ytFu/Ca7zjK+WV9n5hZIyoPUnjfUllNpkyL1Ve47hPpszMvDdsAG9X0Pt3xsQzKy/uIc9qi1eKauusd5VPnTaezzCTUfeZwsgGn0QRnuspNZ/m+JjB5508a+TZ82aD9/52rcdxL+YzU1eSeaRc1LkU8FpygcU8Ta5GZ88gvjIqnd8U3cbS5EQF9tyN8tR08r1Rost0Bbtuh W7SFFbXLC0iE0nP6QW9LH0ufS/9Kv2OXXt7kpgL9N810PcXCs7i3A==</latexit>
A(t)
<latexit sha1_base64="/Zd5CS8tMfTM753UFJdHwwWNYuo=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBGptQvdSB/2gZ3pkKS3Y5jcZEjS0ZrOH3AtuBAFBRfiz3DjD9BFf4K4rCCIC7+cZGydyaPNMMm53z3ny7nfuY/oTcv0fCH2+voHBk+cPFUoDp0ePnN2ZHTs3IrnbLuGXDYcy3HXdM2TlmnLZd/0LbnWdKWmdEuu6o17Yf9qS7qe6diP/ J2mrCqtbptbpqH5gB7frShPd7XAb9dGS2JK8DXea5Rjo0TxNe+MDV6kCm2SQwZtkyJJNvmwLdLIw2+dyiSoCaxKATAXlsn9kto0hNhteEl4aEAbuNfRWo9RG+2Q0+NoA2+x8HcROU4T4pv4KPbFF/FJfBd/UrkC5ghz2cFTj2Jlszby4sLSr 9wohadPTw6iMiJ0eKePKex3YTdg+5l+itXZgpcLrep4e5Z/qJUP75uskQnNmoyE6hlR3q3nr/aXbi1OBFfEe/EDur0Te+IzlLNbP40PC3LxNbPbiHnKKiset426BsC9OPM2V7PKWCfDq+AvAR0HdpDttTjfNEaVwVhBK4mzAu9sViuDdT2R s5qbZ9LYVeLo1bHGn6SAStFAHUsFlaiDSlRCdWmRzqqB00th3E1h3M3J1AWugaUd80UrzYUV0CLvD9nxJrfq7NnL8IBXYzbDfV7lZk8OBucVoD+PwQPmst/h+Ag9SrykZ1ivTpeyh8cRjm4Dz1Dho7FJ9PgptbqdUqs7OcwGV6vNu/AG7/i h8qH2bm5khIR7ksb7UpjZdMK8DPOaxH06YWZmvWETeKeCzX9nTDSzsuIe8qy2eKWEbZ31rvCp08GzGeZS6j6XG9ngkyjAs5ZQ81mOjxhc3snTRp4+bzZ57+/UehL3fD4zcSWZR8olPJc8XksOsIinxdXo7hnCV0a5+5ui11iZnirDXrhemp mNvzcKdIkuY9ct0w2aweqap2VkYtNLekNvC18Lv4t9xYHItb8vjjlP/13F4b//3+Ti</latexit><latexit sha1_base64="/Zd5CS8tMfTM753UFJdHwwWNYuo=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBGptQvdSB/2gZ3pkKS3Y5jcZEjS0ZrOH3AtuBAFBRfiz3DjD9BFf4K4rCCIC7+cZGydyaPNMMm53z3ny7nfuY/oTcv0fCH2+voHBk+cPFUoDp0ePnN2ZHTs3IrnbLuGXDYcy3HXdM2TlmnLZd/0LbnWdKWmdEuu6o17Yf9qS7qe6diP/ J2mrCqtbptbpqH5gB7frShPd7XAb9dGS2JK8DXea5Rjo0TxNe+MDV6kCm2SQwZtkyJJNvmwLdLIw2+dyiSoCaxKATAXlsn9kto0hNhteEl4aEAbuNfRWo9RG+2Q0+NoA2+x8HcROU4T4pv4KPbFF/FJfBd/UrkC5ghz2cFTj2Jlszby4sLSr 9wohadPTw6iMiJ0eKePKex3YTdg+5l+itXZgpcLrep4e5Z/qJUP75uskQnNmoyE6hlR3q3nr/aXbi1OBFfEe/EDur0Te+IzlLNbP40PC3LxNbPbiHnKKiset426BsC9OPM2V7PKWCfDq+AvAR0HdpDttTjfNEaVwVhBK4mzAu9sViuDdT2R s5qbZ9LYVeLo1bHGn6SAStFAHUsFlaiDSlRCdWmRzqqB00th3E1h3M3J1AWugaUd80UrzYUV0CLvD9nxJrfq7NnL8IBXYzbDfV7lZk8OBucVoD+PwQPmst/h+Ag9SrykZ1ivTpeyh8cRjm4Dz1Dho7FJ9PgptbqdUqs7OcwGV6vNu/AG7/i h8qH2bm5khIR7ksb7UpjZdMK8DPOaxH06YWZmvWETeKeCzX9nTDSzsuIe8qy2eKWEbZ31rvCp08GzGeZS6j6XG9ngkyjAs5ZQ81mOjxhc3snTRp4+bzZ57+/UehL3fD4zcSWZR8olPJc8XksOsIinxdXo7hnCV0a5+5ui11iZnirDXrhemp mNvzcKdIkuY9ct0w2aweqap2VkYtNLekNvC18Lv4t9xYHItb8vjjlP/13F4b//3+Ti</latexit><latexit sha1_base64="/Zd5CS8tMfTM753UFJdHwwWNYuo=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBGptQvdSB/2gZ3pkKS3Y5jcZEjS0ZrOH3AtuBAFBRfiz3DjD9BFf4K4rCCIC7+cZGydyaPNMMm53z3ny7nfuY/oTcv0fCH2+voHBk+cPFUoDp0ePnN2ZHTs3IrnbLuGXDYcy3HXdM2TlmnLZd/0LbnWdKWmdEuu6o17Yf9qS7qe6diP/ J2mrCqtbptbpqH5gB7frShPd7XAb9dGS2JK8DXea5Rjo0TxNe+MDV6kCm2SQwZtkyJJNvmwLdLIw2+dyiSoCaxKATAXlsn9kto0hNhteEl4aEAbuNfRWo9RG+2Q0+NoA2+x8HcROU4T4pv4KPbFF/FJfBd/UrkC5ghz2cFTj2Jlszby4sLSr 9wohadPTw6iMiJ0eKePKex3YTdg+5l+itXZgpcLrep4e5Z/qJUP75uskQnNmoyE6hlR3q3nr/aXbi1OBFfEe/EDur0Te+IzlLNbP40PC3LxNbPbiHnKKiset426BsC9OPM2V7PKWCfDq+AvAR0HdpDttTjfNEaVwVhBK4mzAu9sViuDdT2R s5qbZ9LYVeLo1bHGn6SAStFAHUsFlaiDSlRCdWmRzqqB00th3E1h3M3J1AWugaUd80UrzYUV0CLvD9nxJrfq7NnL8IBXYzbDfV7lZk8OBucVoD+PwQPmst/h+Ag9SrykZ1ivTpeyh8cRjm4Dz1Dho7FJ9PgptbqdUqs7OcwGV6vNu/AG7/i h8qH2bm5khIR7ksb7UpjZdMK8DPOaxH06YWZmvWETeKeCzX9nTDSzsuIe8qy2eKWEbZ31rvCp08GzGeZS6j6XG9ngkyjAs5ZQ81mOjxhc3snTRp4+bzZ57+/UehL3fD4zcSWZR8olPJc8XksOsIinxdXo7hnCV0a5+5ui11iZnirDXrhemp mNvzcKdIkuY9ct0w2aweqap2VkYtNLekNvC18Lv4t9xYHItb8vjjlP/13F4b//3+Ti</latexit><latexit sha1_base64="/Zd5CS8tMfTM753UFJdHwwWNYuo=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBGptQvdSB/2gZ3pkKS3Y5jcZEjS0ZrOH3AtuBAFBRfiz3DjD9BFf4K4rCCIC7+cZGydyaPNMMm53z3ny7nfuY/oTcv0fCH2+voHBk+cPFUoDp0ePnN2ZHTs3IrnbLuGXDYcy3HXdM2TlmnLZd/0LbnWdKWmdEuu6o17Yf9qS7qe6diP/ J2mrCqtbptbpqH5gB7frShPd7XAb9dGS2JK8DXea5Rjo0TxNe+MDV6kCm2SQwZtkyJJNvmwLdLIw2+dyiSoCaxKATAXlsn9kto0hNhteEl4aEAbuNfRWo9RG+2Q0+NoA2+x8HcROU4T4pv4KPbFF/FJfBd/UrkC5ghz2cFTj2Jlszby4sLSr 9wohadPTw6iMiJ0eKePKex3YTdg+5l+itXZgpcLrep4e5Z/qJUP75uskQnNmoyE6hlR3q3nr/aXbi1OBFfEe/EDur0Te+IzlLNbP40PC3LxNbPbiHnKKiset426BsC9OPM2V7PKWCfDq+AvAR0HdpDttTjfNEaVwVhBK4mzAu9sViuDdT2R s5qbZ9LYVeLo1bHGn6SAStFAHUsFlaiDSlRCdWmRzqqB00th3E1h3M3J1AWugaUd80UrzYUV0CLvD9nxJrfq7NnL8IBXYzbDfV7lZk8OBucVoD+PwQPmst/h+Ag9SrykZ1ivTpeyh8cRjm4Dz1Dho7FJ9PgptbqdUqs7OcwGV6vNu/AG7/i h8qH2bm5khIR7ksb7UpjZdMK8DPOaxH06YWZmvWETeKeCzX9nTDSzsuIe8qy2eKWEbZ31rvCp08GzGeZS6j6XG9ngkyjAs5ZQ81mOjxhc3snTRp4+bzZ57+/UehL3fD4zcSWZR8olPJc8XksOsIinxdXo7hnCV0a5+5ui11iZnirDXrhemp mNvzcKdIkuY9ct0w2aweqap2VkYtNLekNvC18Lv4t9xYHItb8vjjlP/13F4b//3+Ti</latexit>
E(t)
<latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB/hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zrud6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRs NOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUaL4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuIHKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0K zfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8PctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1awy1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7I Wc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6 vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmkXJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7 Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC59vfFMefpv6s4/BcjpuTm</latexit><latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB/hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zrud6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRs NOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUaL4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuIHKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0K zfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8PctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1awy1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7I Wc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6 vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmkXJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7 Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC59vfFMefpv6s4/BcjpuTm</latexit><latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB/hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zrud6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRs NOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUaL4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuIHKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0K zfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8PctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1awy1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7I Wc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6 vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmkXJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7 Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC59vfFMefpv6s4/BcjpuTm</latexit><latexit sha1_base64="KPZyByMZTPTniWwJKBvyJy1WRro=">AAAJUniclVZLa9RQFD59qDO12lY3ipviUFEo5U 4RFBEptYJupA/7wM50SNLbMUweQ5KO1nT+gGvBhSgouBB/hht/gC76E8RlBUFc+N2TjK0zebQZJjn3u+d8Ofc79xG9aZl+IMReX//A4ImTpwrFodPDZ86OjI6dW/Hdbc+Qy4Zrud6arvnSMh25HJiBJdeantRs3ZKreuOu6l9tSc83XedRs NOUVVurO+aWaWgBoMf3Krave1oYtGujJTEl+BrvNcqxUaL4mnfHBi9ShTbJJYO2ySZJDgWwLdLIx2+dyiSoCaxKITAPlsn9kto0hNhteEl4aEAbuNfRWo9RB23F6XO0gbdY+HuIHKcJ8U18FPvii/gkvos/qVwhc6hcdvDUo1jZrI28uLD0K zfKxjOgJwdRGRE6vNPHpPo92A3YQaafzepswcuDVnW8PctfaRXA+yZrZEKzJiNKPSPKu/X81f7SrcWJ8Ip4L35At3diT3yGck7rp/FhQS6+ZnYHMU9ZZZvH7aCuIXA/zrzN1awy1snwKvhLQMeBHWR7Lc43jdHOYKyglcRZgXc2q5XBup7I Wc3NM2nsduLo7WONP0kBO0UD+1gq2Ik62IlK2F1apLNq4PRTGHdTGHdzMvWAa2Bpx3zRSvNghbTI+0N2vMmtOnv2Mjzg1ZjNcJ9XudmTg8F5hejPY/CBeex3OD5CjxIv6RnWq9ul7OFxqNFt4KkUPhqbRE+QUqvbKbW6k8NscLXavAtv8I6 vlFfae7mREaL2JI33JZXZdMK8VHlN4j6dMDOz3rAJvFPB5r8zJppZWXEPeVZbvFJUW2e9K3zqdPBshrmUus/lRjb4JArxrCXUfJbjIwaPd/K0kafPm03e+zu1nsQ9n89MXEnmkXJR55LPa8kFFvG0uBrdPUP4yih3f1P0GivTU2XYC9dLM7 Px90aBLtFl7LplukEzWF3ztIxMHHpJb+ht4Wvhd7GvOBC59vfFMefpv6s4/BcjpuTm</latexit>
Double pump-shot model
t0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
FIG. 1: Sketches for the time dependences of the (a) vector potential and (b) electric field in the pump-probe process considered
in the single pump-shot model. (c,d) The same plots for the double pump-shot model.
where
j0(t) =
e
mV
∑
q
[q − 2eA0(t)]
〈|ψq(t)|2〉0 , (10)
j1(t) =
e
mV
∑
q
[q − 2eA0(t)]
〈|ψq(t)|2〉1
− 2e
2
mV
∑
q
〈|ψq(t)|2〉0A1(t). (11)
Here j0 is a photo-excited current density and j1 is a
small current induced by the probe light. The subscripts
0 and 1 represent the perturbation order of A1. If we
consider the equilibrium case, we reproduce the standard
paraconductivity formula [29, 34], which are summarized
in Appendix C based on our formalism.
We can also consider the time-dependent GL free en-
ergy F , which is modified from the equilibrium by the
photo-excitation. After taking the random average, we
get
〈F(r, t)〉 =
∑
q
(
a+
[q − 2eA(t)]2
4m
)
〈|ψq(t)|2〉, (12)
≡Ffluct(t) + Fkin(t). (13)
The first term Ffluct(t) = V a〈|ψ(r, t)|2〉 represents the
fluctuation contribution to the free energy, and the sec-
ond term represents the kinetic energy of Cooper pairs.
In order to consider the anisotropy in the kinetic energy,
we divide the free energy as Fkin =
∑
µ F (µ)kin where
F (µ)kin (t) =
∑
q
[qµ − 2eAµ(t)]2
4m
〈|ψq(t)|2〉 . (14)
In the next two subsections, we specify the shape of the
pump/probe lights more concretely, and derive the de-
tailed expressions for the above physical quantities.
B. Single pump-shot model
As the simplest form of the pump process, we consider
the electric field with a single delta function [single pump-
shot model, see Figs. 1(a) and (b)]. The time dependence
of the vector potential is
A(t) = A0θ(t) +A1θ(t− t1) sin Ω(t− t1), (15)
where θ(t) is Heaviside’s step function. While the re-
alistic setup in the experiments involves an oscillating
Gaussian shape, our choice of electric fields makes the
equations simple enough to evaluate decaying proper-
ties precisely in numerical calculations. More specifically,
the integration with respect to time is evaluated analyt-
ically, and hence we can focus on the implementation of
q-integrals. With this setup, the superconducting fluctu-
ation is explicitly written as
δ
〈|ψq(t)|2〉 = C
V Γ2g(q)−1
e−tg(q−2eA0)
−1
(
1− 2e(q − 2eA0) ·A1θ(t− t1)
mΓΩ
[cos Ω(t− t1)− 1]
)
− C
V Γ2g(q − 2eA0)−1 e
−tg(q−2eA0)−1
(
1− 2e(q − 2eA0) ·A1θ(t− t1)
mΓΩ
[cos Ω(t− t1)− 1]
)
− C
V Γ2
· 2e(q − 2eA0) ·A1θ(t− t1)
mΓΩ
· g(q − 2eA0)
−1
g(q − 2eA0)−2 + Ω2 e
−(t−t1)g(q−2eA0)−1 +O(A21), (16)
4〈|ψq(t)|2〉eq = CV Γ2g(q − 2eA0)−1
(
1− 2e(q − 2eA0) ·A1θ(t− t1)
mΓΩ
cos Ω(t− t1)
)
+
C
V Γ2
· 2e(q − 2eA0) ·A1θ(t− t1)
mΓΩ
[
g(q − 2eA0)−1
g(q − 2eA0)−2 + Ω2 cos Ω(t− t1) +
Ω
g(q − 2eA0)−2 + Ω2 sin Ω(t− t1)
]
+O(A21),
(17)
for t > 0. We have defined the q-dependent function by
g(q) = Γ2 (
q2
4m + a)
−1 to make the notation simple. There
is no exponentially time-dependent factor in
〈|ψq(t)|2〉eq,
and hence it represents the contribution from equilibrium
in the limit t→∞. Taking the q-summations with some
form factors, we can get physical quantities such as the
order parameter and electric current, which are all gauge-
invariant quantities. We note that even after the pump
process finishes, there remains finite vector potential as
shown in Fig. 1(a). However, this is not a physical de-
grees of freedom, and it can be eliminated by a constant
shift in q-summation. We also note that the expression
includes exponential functions and the integration range
should be carefully chosen in the numerical calculation.
The technical details are summarized in Appendices A
and B. With these techniques, we can have highly accu-
rate numerical results which enable us to access the crit-
ical exponents of the decaying functions as shown later
in Sec. III.
Although in general it is hard to derive the analytical
expression, it is possible if we focus on the large t limit. In
this case the q-integrals are reduced to simple Gaussian
integrals, and the superconducting fluctuation, electric
current density and kinetic component of the GL free
energy are explicitly obtained as
δ〈|ψ(r, t)|2〉 t→∞−−−→
C
2ΓV
(
mΓ
2pi
)d/2(
m
e2A20 +ma
− 1
a
)
t−d/2e−
2a
Γ t, (18)
j0(t)
t→∞−−−→
− Ce
2A0
ΓV
(
mΓ
2pi
)d/2
1
e2A20 +ma
t−d/2e−
2a
Γ t, (19)
δFkin(t) t→∞−−−→
dC
8
(
mΓ
2pi
)d/2(
m
e2A20 +ma
− 1
a
)
t−
d+2
2 e−
2a
Γ t, (20)
for the d-dimensional system. Namely, the time con-
stant Γ/2a (which is identical to γ−11 defined below in
Eq. (23)), which originates from the temperature mea-
sured from the transition point, gives a characteristic
time scale when approaching the equilibrium state. How-
ever, the richer behaviors can be seen at shorter time
range, as discussed in Sec. III.
C. Double pump-shot model
Here we consider a slightly more realistic situation.
Since the electric field is applied with an oscillating man-
ner in the experimental setup, it is natural if the sum
rule
∫ t0
0
E(t)dt = 0 is satisfied. With this constraint, the
simplest form of the electric field is the combination of
the two delta functions with different signs [see Figs. 1(c)
and (d)]. The time dependence of the vector potential is
given by
A(t) = A0θ(t)θ(t0 − t) +A1θ(t− t1) sin Ω(t− t1).
(21)
Namely, the pump process appears for 0 < t < t0 and
the probe process for t1 < t. In this case, the deviation
of the superconducting fluctuation from the equilibrium
state for t > t0 is written as
δ
〈|ψq(t)|2〉 = C
V Γ2g(q)−1
e−(t−t0)g(q)
−1−t0g(q−2eA0)−1
(
1− 2eq ·A1θ(t− t1)
mΓΩ
[cos Ω(t− t1)− 1]
)
+
C
V Γ2g(q − 2eA0)−1
[
1− e−t0g(q−2eA0)−1
]
e−(t−t0)g(q)
−1
(
1− 2eq ·A1θ(t− t1)
mΓΩ
[cos Ω(t− t1)− 1]
)
+
C
V Γ2g(q)−1
[
e−(t−t1)g(q)
−1 − e−(t−t0)g(q)−1
](
1− 2eq ·A1θ(t− t1)
mΓΩ
[cos Ω(t− t1)− 1]
)
− C
V Γ2g(q)−1
e−(t−t1)g(q)
−1
(
1− 2eq ·A1θ(t− t1)
mΓΩ
cos Ω(t− t1)
)
− C
V Γ2
· 2eq ·A1θ(t− t1)
mΓΩ
· e
−(t−t1)g(q)−1g(q)−1
g(q)−2 + Ω2
,
(22)
5where we have kept the terms up to O(A1) contributions.
The order parameter in the equilibrium state is the same
as Eq. (17) with the replacement q− 2eA0 → q. For the
time range 0 < t < t0, the system is essentially the same
as the single pump-shot model and new expressions are
not necessary.
III. NUMERICAL RESULTS FOR SINGLE
PUMP-SHOT MODEL
Here we show the physical quantities in the photo-
excited states of the single-pump shot model formulated
in Sec. II B. We concentrate on the photo-excited states
in this section, and the properties of probing process are
discussed in the more realistic double-pump shot model
in the next section. For the single-pump shot model, the
behaviors are controlled by the following two parameters
γ1 =
2a
Γ
, (23)
γ2 =
2e2A20
mΓ
, (24)
which have the dimension of the inverse of time. γ1 rep-
resents the distance from the critical point and γ2 shows
the intensity of the pump light. We take γ1 = 1 as a unit
of energy, and the controlling parameter is then γ2.
First, we consider the deviation δ〈|ψ(r, t)|2〉 of the su-
perconducting fluctuation from equilibrium defined in
Eq. (16), which is shown in Figs. 2(a), (b) and (c).
These figures are plotted with a logarithmic scale to vi-
sualize the functional form of the decaying functions of
the physical quantities. After the pump at t = 0, the
superconducting fluctuation decreases from the equilib-
rium value, i.e., δ〈|ψ(r, t)|2〉 < 0. The decrease stops at
t ∼ γ−12 , where the fluctuation becomes minimum, and
then it increases toward the equilibrium value. It is no-
table that in the whole time range the photo-excitation
gives negative contribution to the superconducting fluc-
tuation, which is in contrast to a naive expectation that
the photo-excitation may increase the superconducting
fluctuation. The photo-induced electric current is also
shown in Figs. 2(d–f), which is a decreasing function with
respect to time. Namely, the effect of photo-excitation
appears maximally around t = 0, which is different from
the behaviors of the fluctuation shown in Figs. 2(a–c).
For a sufficiently long time regime, all the quantities in
Fig. 2 decay with an exponential form with the damping
constant γ1 (= 1). Indeed, this behavior is consistent
with the analytical asymptotic form given in Eqs. (18)
and (19). In the shorter time regime, on the other hand,
we find the power-law or logarithmic behaviors for both
the superconducting fluctuation and electric current in
all dimensions. Usually the power-law behaviors are ob-
served in systems located at the critical point [38]. In
contrast, the present case is away from the transition
point (T > Tc) but we still observe the power-law decay.
In large γ2 cases such as γ2 = 50, 100, 10
3 and 104, the
power-law regime is separated into two parts at t ∼ γ−12 .
We can see from Fig. 2 that if we take γ2 < γ1, one of the
power-law or logarithmic regimes vanishes. In the former
studies in non-equilibrium states, the power-law behavior
in superconductors has also been found in Refs. 39 and
40.
The above exponential and power-law/logarithmic be-
haviors are summarized in Fig. 3, which is one of the
central results of this paper. The phase diagram in the
plane of t and γ2 is categorized into the three regimes:
the exponentially decaying regime (t > γ−11 , III), the
power-law or logarithmic decaying regime (γ−12 < t <
γ−11 , I), and another power-law regime (t < γ
−1
2 , II).
The pump-pulse intensity γ2 characterizes the power-
law/logarithmic damping behavior, while the system
temperature γ1 ∝ (T − Tc) characterizes exponentially
decaying behavior. The line that separates the regimes I
and II terminates at the point where it crosses with the
vertical t = γ−11 line.
The power-law/logarithmic behavior is intuitively in-
terpreted as follows. When the system is very close to the
superconducting transition point, the value of γ−11 ∼ a−1
goes to infinity and then only the regimes I and II are
left. Hence these power-law/logarithmic decay originates
from a characteristic behavior at the critical point. For
a sufficiently weak pump, the regime II survives for a
long time, whereas the regime I is dominant for a strong
pump with large γ2 ∝ A20. Away from the critical point
(a > 0), the power-law/logarithmic regimes end at the
time scale of γ−11 and crossovers into the exponentially
decaying regime. This indicates that the critical point
is effectively expanded into a finite regime by the pump
shot and it shrinks with evolving time to approach the
equilibrium state. We note that the fluctuation itself is
suppressed as shown in Figs. 2(a) and (c) and Eq. (16), al-
though it is divergent at the critical point in equilibrium.
Hence the behavior with the power-law/logarithmic de-
cay and with finite fluctuation amplitude is characteristic
for an excited state in non-equilibrium.
We also comment on the region in which the GL ap-
proach is justified. The GL theory can account for the
long wavelength and slow dynamics, and the correspond-
ing characteristic length and time are given by the co-
herence length ξ ∼ ~/√ma and the correlation time
tc ∼ Γ/a ∼ ~/a ∼ γ−11 . Hence the time range with
t tc ∼ γ−11 is not justified in a strict sense, but rather
our results should be regarded as an extrapolation from
the GL theory.
With the help of Fig. 3, we can have analytic forms of
the power-law and logarithmic functions. For the regime
I (γ−12 < t < γ
−1
1 ), we take the limit γ2 →∞ and obtain
the asymptotic behaviors of fluctuations and currents for
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FIG. 2: Time evolution of the (a–c) superconducting fluctuation and the (d–f) excited current density in the single pump-shot
model with a logarithmic scale, which are measured as deviations from the equilibrium component. The quantities are plotted
for (a,d) three-, (b,e) two- and (c,f) one-dimensional systems. The dashed lines shown in (a,c–f) are power functions shown
in Eqs. (25), (26), (27) and (28). µ is the direction where the pump pulse is shotted, µ = z in the (d) three-, µ = y in the
(e) two- and µ = x in the (f) one-dimensional system. The normalized constants are defined by ψ20 =
C
γ1Γ2V
(2mγ1Γ)
d/2 and
J0 =
eC
mγ1Γ2V
(2mγ1Γ)
d+1
2 .
each dimension as
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where γ is the Euler’s gamma constant. For the regime
II (t < γ−12 ), on the other hand, the critical behaviors
are seen in the weak excitation limit(γ2 → 0). We then
obtain the time dependences as
δ〈|ψ(r, t)|2〉 '

−2e
2A20C
3piΓ2V
√
2m
piΓ
t1/2 (d = 3),
e2A20C
piΓ2V
t
[
γ + ln
(
2a
Γ
t
)]
(d = 2),
−e
2A20C
mΓ2V
√
m
a
t (d = 1),
(27)
j0(t) '

−16piCe
2A0
3V
√
2pim
Γ
t−1/2 (d = 3),
4piCe2A0
ΓV
[
γ + ln
(
2a
Γ
t
)]
(d = 2),
−2piCe
2A0
V
√
2
ma
(d = 1).
(28)
These time dependences are consistent with the numeri-
cal results shown in Fig. 2.
Let us turn our attention to the photo-excitation ef-
fects on the free energy. Figures 4(a–c) show the time
dependence of the total GL free energy δF(t) defined in
7ln t
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FIG. 3: A sketch of the phase diagram in the plane of the
logarithmic time ln t and the logarithmic excitation strength
ln γ2. The dashed lines show crossovers.
Eq. (12) for the fixed A0. The total free energy δF(t)
substantially increases after the pump, whose main con-
tribution comes from the kinetic energy. We also plot
the direction-dependent kinetic energy δF (µ)kin defined in
Eq. (14) and the fluctuation contribution δFfluct. For the
three dimensional case shown in Fig. 4(a), the kinetic
energy along z direction is positive, while the other x, y-
direction components are negative. With evolving time,
the kinetic energy decreases and the non-equilibrium
component of the total free energy becomes negative.
This sign change is captured by analytic asymptotic func-
tions for the kinetic energy, whose forms are
δFkin(t) ∼
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for γ−12 < t < γ
−1
1 (regime I), and
δFkin(t) ∼
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for t < γ−12 (regime II). The fluctuation contribution
δFfluct(t) is basically the same quantity as the super-
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Single
FIG. 4: Time dependence of the GL free energy defined
in Eq. (12) in the single pump-shot model(δFtot = δFfluct +
δFkin) in the (a) three-, (b) two- and (c) one-dimensional
systems and we have taken γ2 = 100. µ and ν mean the com-
ponents of the kinetic GL free energy, where µ is the direction
where the pump pulse is shotted and ν is the other direction,
µ = z and ν = x, y in the (a) three dimensional system and
µ = y and ν = x in the (b) two dimensional system. The
normalized constant is defined by F0 = C2Γ (2mγ1Γ)d/2.
conducting fluctuation given by δ〈|ψ(r, t)|2〉. In Fig. 4,
however, it does not give a significant contribution to the
free energy.
IV. NUMERICAL RESULTS FOR DOUBLE
PUMP-SHOT MODEL
We consider the more realistic double pump-shot
model shown in Figs. 1(c) and (d) as introduced in
Sec. II C. We take t0 = 1 as a unit of time, which is lo-
cated at the end of the pump process [see Figs. 1(c) and
(d)]. In this section, we discuss only the two-dimensional
system because the behaviors are similar in the other di-
mensions. The results for the one- or three-dimensional
system are shown in Appendix D to make the data com-
plete.
A. Properties of excited state
We first summarize the results for the excited state
here, and then discuss the probe current in the next
subsection. The electric field pulse is induced at t = 0
along −y direction, and at t = t0 along +y direction for
two dimensions. Correspondingly the physical quantities
are largely modified around these two characteristic time
scales. Since the results for the time range 0 < t < t0
is the same as in the single-shot model, we focus on the
regime t > t0. Figure 5(a) shows the time dependence
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FIG. 5: Time dependences of the (a) superconducting fluc-
tuation, the (b) excited current density and the (c) GL free
energy with the logarithmic time scale in the double pump-
shot model. We have taken t0 = 1, γ1 = 1 and (c) γ2 = 100
to compare with the results of the single pump-shot model
in the two-dimensional system. µ and ν used in (c) have the
same meanings as Fig. 4(b). The normalized constants are
defined by ψ20 =
2mC
ΓV
, J0 =
2eC
ΓV
√
2mΓ
t0
and F0 = mCt0 .
of the superconducting fluctuation in the double pump-
shot model. The damping behavior is similar to that
in the single pump-shot model: the power-law and ex-
ponential decay are observed. At short time, however,
there is almost no time dependence. This is due to the
remaining non-equilibrium contribution at t = t0 induced
from the first pump shot at t = 0, which makes the dif-
ference from the single pump-shot model. On the other
hand, with strong pump, the power-law/logarithmic be-
havior is observed, which corresponds to the regime I in
Fig. 3. Namely, while the regime II in the single pump-
shot model may not be seen depending on the excitation
process, the regime I is more robustly present for the case
with a strong excitation pulse.
Figure 5(b) shows the electric current density. In con-
trast to Fig. 5(a), the qualitative behaviors are the same
as those in the single pump shot model even for small
t− t0 [see Fig. 2(e)]. This is because the current induced
from the first shot at t = 0 is a simple decreasing function
and almost vanishes at t = t0 where the second pulse is
induced. Thus the characteristic power-law/logarithmic
behaviors are not specific to the single pump-shot model.
We also show in Fig. 5(c) the time evolution of the free
energies, which is again similar to the single pump-shot
model.
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FIG. 6: (a) Time dependence of the non-equilibrium com-
ponent of the DC paraconductivity, which is normalized
by its equilibrium component. (b) Anisotropy parameter
δσxx/δσyy. Note that the vertical axis in (b) is measured
from the unity(isotropic limit). We have taken γ1 = 1 and
t1 = 1.1 with the time unit t0(= 1).
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FIG. 7: Frequency dependence of the AC paraconductivity
σ(3) at several different times. In these figures, we have taken
γ1 = 1, γ2 = 100 and t1 = 1.1 (t0 = 1 is the unit of time).
The normalization constant is defined by σ0 =
8e2C
t0ΓV
.
B. Paraconductivity in photo-excited systems
In this subsection, we consider the probe current in
the photo-excited state. With the two dimensional dou-
ble pump-shot model, the probe electric field is written
as E1(t) = E1 cos Ω(t − t1), and the current density in
Eq. (11) as
j1µ(t,Ω) =
∑
ν
[
σ(1)µν (t,Ω)
(
cos Ω(t− t1)− 1
)
+ σ(2)µν (t,Ω) sin Ω(t− t1) + σ(3)µν (t,Ω)
]
E1ν , (31)
where µ, ν = x, y, z. In equilibrium, if we take the time
average, σ(1) and σ(2) represent the real and imaginary
parts of the AC paraconductivity summarized in Ap-
pendix C, and σ(3) = 0.
Let us first focus on the DC paraconductivity with
Ω → 0. In this case, the probe current measured from
the equilibrium value is simply written as
δj1µ(t) = δσµµ(t)E1µ, (32)
which describes the characteristics of the non-equilibrium
state. Figure 6(a) shows the DC paraconductivity in the
9photo excited states for γ1 = 1 and t1 = 1.1, which is
normalized by the equilibrium component of the conduc-
tivity (σ = σeq + δσ). We note that δσµµ(t) can be finite
even for the case without pump (i.e. A0 = 0), since the
sudden switching-on of the probing field turns the system
into non-equilibrium. As shown in Fig. 6, the paracon-
ductivity is decreased (i.e. δσ < 0) when the pump light
A0 is induced. This observation is consistent with the
decrease of the superconducting fluctuation in Fig. 5(a).
Hence, this result cannot account for the experiments
where the conductivity is largely enhanced [4, 13]. A
relatively small change in Fig. 6 as a function γ2 is due
to the choice of measuring time t1 = 1.1: at this time
the induced current has become a small value. Since δσ
is the same order of magnitude as the equilibrium com-
ponent σeq, the paraconductivity characteristic for non-
equilibrium states can in principle be observed for the
two and one dimensional systems where the paraconduc-
tivity σeq is detectable.
With the pump process, the system becomes
anisotropic because of the one-direction-oriented electric
fields. We show in Fig. 6(b) the anisotropy parame-
ter δσxx/δσyy for the non-equilibrium component of the
paraconductivity. This quantity shows a peaked struc-
ture as a function of time. Namely, the photo-excited
current makes the system anisotropic and for t → ∞
the system relaxes into the isotropic equilibrium state.
The parameter γ2-dependence is also not simple. For
a weak pump such as γ2 = 0.1, the photo-induced cur-
rent j0 is small and then the anisotropy is also small.
With increasing γ2, the anisotropy parameter increases
with increasing photo-induced current. However, for a
sufficiently strong pump, the anisotropy becomes smaller
again as shown in Fig. 6(b). This is because the strong
pump creates a quickly damping current with a large ex-
ponent as shown in Eq. (26), and little current is left
when probing current is induced. Thus the anisotropy
behaves in a non-trivial manner as a function of γ2.
Finally we briefly discuss the AC paraconductivity in
the photo-excited state. We can separate the time and
frequency dependences of δσ(1,2), which are written as
δσ(1)(t,Ω) =
8e2
mΓV
δF (µ)kin (t)
Ω2
, (33)
δσ(2)(t,Ω) =
2e2
m
δ〈|ψ(r, t)|2〉
Ω
, (34)
where µ means the direction where the pump pulse is
shotted. These forms can be understood from Eqs. (9),
(10), (11), (22) and (31). The time dependence of these
quantities have already discussed in the above and new
plots are not necessary.
The behaviors of σ(3) are more complex because we
cannot separate the time t and frequency Ω dependences.
Figure 7 shows the frequency dependence of σ(3)(t,Ω) at
different times. We can see from Fig. 7 that σ(3) is also
a simple decreasing function of both time and frequency.
Since σ(3) behaves as a constant for Ω → 0 and ∼ Ω−2
for the large Ω limit, its shape is Lorentzian-like. Thus
all the frequency dependences are characterized by the
three components δσ(1,2,3)(t,Ω).
V. SUMMARY
Based on the time-dependent Ginzburg-Landau
(TDGL) theory, we have clarified the properties of super-
conducting fluctuation for the systems with the photo-
excitation. While the long-time behavior approaching
to equilibrium is characterized by the exponential de-
cay with a time constant determined by the tempera-
ture, in the intermediate regime the non-trivial power-
law/logarithmically decaying regimes are identified. The
power-law/logarithmic decay is usually observed in the
systems located at the critical point, but it can be seen
in the photo-excited system even away from the critical
point and the exponents are different depending on the
excitation strength. This is interpreted as the extension
of the critical point into a finite regime by the photo-
excitation. Although the superconducting fluctuation is
divergent at the critical point in the equilibrium case, in
the excited state it is reduced from the value in equilib-
rium for the whole time range.
In addition to the properties of excited states, we have
also formulated and calculated the probing currents us-
ing the linear-response theory. We have measured the
anisotropy of the conductivity in the excited state, which
becomes maximal at the intermediate photo-excitation
strength, in contrast to a naive expectation that the
stronger pump just creates a larger anisotropic state.
This behavior is closely related to the exponent change
in the current density as a function of the excitation am-
plitude in the power-law decaying regime. We have also
clarified the time evolution of the AC conductivities. The
probing currents discussed in this paper may be exper-
imentally observed in one and two-dimensional systems
since the magnitude of the non-equilibrium components
of the linear-response conductivity is comparable to the
equilibrium one.
These results are obtained based on the simple TDGL
equation, which is applicable to a wide class of materials,
and gives a foundation for further exploring the fluctua-
tion phenomena in non-equilibrium superconductors.
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Appendix A: Dimensionless forms of physical
quantities
1. Definition of dimensionless functions
In this section, we define dimensionless functions to
evaluate the physical quantities numerically. First of all,
we introduce the unit time T which is chosen as γ−11
for the single pump-shot model and as t0 for the dou-
ble pump-shot model, to make the notation simple. In
addition, we define the constants as
q0 =
√
2mΓ
T , k = γ1T , x0 = sgn (e)
√
γ2T A0|A0| , (A1)
where the definition of γ1 and γ2 are given in Eqs. (23)
and (24). We have chosen x0 > 0 in this paper. Using
these constants, the wavevector is written as q− 2eA0 =
q0(x−x0). We define the several dimensionless functions
in d dimensional system as
X(a, b) =
∫
dx
(2pi)d
1
x2 + k
e−(a+b)(x−
b
a+bx0)
2
, (A2)
X˜(a, b) =
∫
dx
(2pi)d
1
(x− x0)2 + k e
−(a+b)(x− ba+bx0)
2
,
(A3)
Yµ(a, b) =
∫
dx
(2pi)d
xµ
x2 + k
e−(a+b)(x−
b
a+bx0)
2
, (A4)
Y˜µ(a, b) =
∫
dx
(2pi)d
xµ
(x− x0)2 + k e
−(a+b)(x− ba+bx0)
2
,
(A5)
Zµν(a, b) =
∫
dx
(2pi)d
xµxν
x2 + k
e−(a+b)(x−
b
a+bx0)
2
, (A6)
Z˜µν(a, b) =
∫
dx
(2pi)d
xµxν
(x− x0)2 + k e
−(a+b)(x− ba+bx0)
2
,
(A7)
W (a, c) =
1
d
∫
dx
(2pi)d
x2(x2 + k)e−ax
2
(x2 + k)2 + c2
, (A8)
−−−→
c→0
W (a, 0)−W (2)(a)c2 +O (c4) , (A9)
W (2)(a) =
1
d
∫
dx
(2pi)d
x2e−ax
2
(x2 + k)
3 , (A10)
V (a, c) = −1
d
∫
dx
(2pi)d
x2e−ax
2
(x2 + k)2[(x2 + k)2 + c2]
.
(A11)
which are evaluated for each dimension separately. The
limit c→ 0 corresponds to the limit Ω→ 0. The function
W (2) is used when we consider the DC paraconductivity.
We note that Yµ(a, 0) = 0 since the integrand is odd func-
tion, and there is the relation Zµν(a, 0) = δµνW (a, 0).
a. Three-dimensional system
We can choose A0 = A0zˆ without loss of generality.
Then we have the relations
Yx = Yy = 0, (A12)
Zµν = 0 (µ 6= ν), (A13)
Zxx = Zyy, (A14)
since the integrand is an odd function. We obtain the
detailed functional forms as
X(a, b) =
1
4pi2
√
a+ b
G0
(
k(a+ b),
2bx0√
a+ b
)
, (A15)
Yz(a, b) =
1
4pi2(a+ b)
G1
(
k(a+ b),
2bx0√
a+ b
)
, (A16)
Zzz(a, b) =
1
4pi2(a+ b)3/2
G2
(
k(a+ b),
2bx0√
a+ b
)
,
(A17)
Zxx(a, b) =
√
pi
16pi2(a+ b)3/2
− k
2
X(a, b)− 1
2
Zzz(a, b).
(A18)
Here the function Gk(a, b) is defined by
Gk(a, b) = e
− b24
∫ ∞
0
dx
xk+2e−x
2
x2 + a
∫ 1
−1
ds skebxs (A19)
= e−
b2
4
∑
σ=±
k∑
l=0
σl−1bl−k−1a(k)l Fl+1(a, σb),
(A20)
where
{a(0)l } = 1, (A21)
{a(1)l } = −1, 1, (A22)
{a(2)l } = 2,−2, 1, (A23)
{a(3)l } = −6, 6,−3, 1, (A24)
and
Fn(a, b) =
∫ ∞
0
dx
xne−(x−
b
2 )
2
x2 + a
. (A25)
b. Two-dimensional system
We can choose A0 = A0yˆ without loss of generality.
Then, we use the relations
Yx = 0, (A26)
Zµν = 0 (µ 6= ν). (A27)
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We get
X(a, b) =
1
2pi
G(1)
(
k(a+ b),
2bx0√
a+ b
)
, (A28)
Yy(a, b) =
1
2pi
√
a+ b
G(2)
(
k(a+ b),
2bx0√
a+ b
)
, (A29)
Zyy(a, b) =
1
4pi(a+ b)
G(3)
(
k(a+ b),
2bx0√
a+ b
)
, (A30)
Zxx(a, b) =
1
4pi(a+ b)
G(4)
(
k(a+ b),
2bx0√
a+ b
)
. (A31)
We have defined the new functions
G(1)(a, b) =
∫ ∞
0
dx
xe−(x−
b
2 )
2
x2 + a
I˜0(bx), (A32)
G(2)(a, b) =
∫ ∞
0
dx
x2e−(x−
b
2 )
2
x2 + a
I˜1(bx), (A33)
G(3)(a, b) =
∫ ∞
0
dx
x3e−(x−
b
2 )
2
x2 + a
[I˜0(bx) + I˜2(bx)], (A34)
G(4)(a, b) =
∫ ∞
0
dx
x3e−(x−
b
2 )
2
x2 + a
[I˜0(bx)− I˜2(bx)], (A35)
where I˜n(z) = e
−|z|In(z) and In(z) is a modified Bessel
function of the first kind.
c. One-dimensional system
We obtain the dimensionless functions in the following
forms:
X(a, b) =
√
a+ b
2pi
∑
s=±
F0
(
k(a+ b),
2bx0s√
a+ b
)
, (A36)
Yx(a, b) =
1
2pi
∑
s=±
sF1
(
k(a+ b),
2bx0s√
a+ b
)
, (A37)
Zxx(a, b) =
1
2pi
√
a+ b
∑
s=±
F2
(
k(a+ b),
2bx0s√
a+ b
)
,
(A38)
where the function Fn(a, b) is given in Eq. (A25).
2. Single pump-shot model
We consider the physical quantities in the single pump-
shot model. We first define the constants by
J0 =
eCT qd+10
mΓ2V
, (A39)
σ0 =
2e2CT 3qd+20
m2Γ3V
, (A40)
ψ20 =
CT qd0
Γ2V
, (A41)
F0 =CT q
d+2
0
4mΓ2
. (A42)
The electric current density defined in Eqs. (9), (10) and
(11) is rewritten as
δjµ(t,Ω) =e
−kt/T
[
− J0Y˜µ
(
t
T , 0
)
+ σ0
Es1µ(t)
2ΩT X
(
0,
t
T
)
+ σ0
∑
ν
Ec1ν(t)
Ω2T 2 Z˜µν
(
t
T , 0
)]
− e−kt/T
[
σ0
Es1µ(t)
2ΩT X
(
t
T , 0
)
+ σ0
Ec1µ(t)
Ω2T 2 W
(
t
T , 0
)]
+ e−k(t−t1)/T σ0E1µV
(
t− t1
T ,ΩT
)
, (A43)
where we have defined Es1(t) = E1 sin Ω(t − t1) and
Ec1(t) = E1 [cos Ω(t− t1)− 1] to make the notations sim-
ple. When we take Ω→ 0 limit, we expand these expres-
sions up to the second order.
The deviation of the superconducting fluctuation orig-
inating from the pump is given by
δ〈|ψ(r, t)|2〉
ψ20
= e−kt/TX
(
0,
t
T
)
− e−kt/T X˜
(
0,
t
T
)
.
(A44)
We also consider the GL free energy. As shown in
Eq. (13), the fluctuation contribution δFfluct(t) is written
as
δFfluct(t)
F0 = k
δ〈|ψ(r, t)|2〉
ψ20
, (A45)
where the superconducting fluctuation is given in
Eq. (A44). The kinetic component of the GL free en-
ergy is written as
δF (µ)kin (t)
F0 = e
−kt/T Zµµ
(
0,
t
T
)
− 2x0µe−kt/T Yµ
(
0,
t
T
)
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+ x20µe
−kt/TX
(
0,
t
T
)
− e−kt/TW
(
t
T , 0
)
.
(A46)
3. Double pump-shot model
Next, we consider the double pump-shot model. The
electric current density δjµ(t,Ω) is rewritten as
δjµ(t,Ω) = e
−kt/T − (t−t0)t0tT x20
[
J0Yµ
(
t− t0
T ,
t0
T
)
+ σ0
Es1µ(t)
2ΩT X
(
t− t0
T ,
t0
T
)
+ σ0
∑
ν
Ec1ν(t)
Ω2T 2 Zµν
(
t− t0
T ,
t0
T
)]
+ e−k(t−t0)/T
[
J0Y˜µ
(
t− t0
T , 0
)
+ σ0
Es1µ(t)
2ΩT X˜
(
t− t0
T , 0
)
+ σ0
∑
ν
Ec1ν(t)
Ω2T 2 Z˜µν
(
t− t0
T , 0
)]
− e−kt/T − (t−t0)t0tT x20
[
J0Y˜µ
(
t− t0
T ,
t0
T
)
+ σ0
Es1µ(t)
2ΩT X˜
(
t− t0
T ,
t0
T
)
+ σ0
∑
ν
Ec1ν(t)
Ω2T 2 Z˜µν
(
t− t0
T ,
t0
T
)]
− e−k(t−t0)/T
[
σ0
Es1µ(t)
2ΩT X
(
t− t0
T , 0
)
+ σ0
Ec1µ(t)
Ω2T 2 W
(
t− t0
T , 0
)]
+ e−k(t−t1)/T σ0E1µV
(
t− t1
T ,ΩT
)
. (A47)
The case with 0 < t ≤ t0 is the same situation corre-
sponding to the single pump-shot model, which we have
already considered in the above subsection. We then con-
sider the region t > t0. The fluctuation is written as
δ〈|ψ(r, t)|2〉
ψ20
=e−kt/T −
(t−t0)t0
tT x
2
0X
(
t− t0
T ,
t0
T
)
+ e−k(t−t0)/T X˜
(
t− t0
T , 0
)
− e−kt/T − (t−t0)t0tT x20X˜
(
t− t0
T ,
t0
T
)
− e−k(t−t0)/TX
(
t− t0
T , 0
)
. (A48)
Next, we consider the GL free energy. The fluctuation
contribution is same as Eq. (A45). The kinetic compo-
nent is
δF (µ)kin (t)
F0 =e
−kt/T − (t−t0)t0tT x20Zµµ
(
t− t0
T ,
t0
T
)
+ e−k(t−t0)/T Z˜µµ
(
t− t0
T , 0
)
− e−kt/T − (t−t0)t0tT x20Z˜µµ
(
t− t0
T ,
t0
T
)
− e−k(t−t0)/TW
(
t− t0
T , 0
)
. (A49)
Appendix B: Numerical evaluation for the
dimensionless functions
The dimensionless functions defined in Appendix A are
written in the general following form
∫ ∞
0
dxF (x)e−(x−
b
2 )
2
=
∫ ∞
− b2
dxF
(
x+
b
2
)
e−x
2
(B1)
'Lmax − Lmin
2
∫ 1
−1
dyF
(
Lmax−Lmin
2 y +
Lmax+Lmin
2 +
b
2
)
× e−
(
Lmax−Lmin
2 y+
Lmax+Lmin
2
)2
, (B2)
where Lmax > Lmin with the expressions
Lmin = −L, Lmax = L (2L < b),
Lmin = − b2 , Lmax = 2L− b2 (b < 2L).
(B3)
We assume that the function F (x) asymptotically be-
haves as a power function. Then, due to the presence
of the exponential function, it is safe to choose L ' 5,
since e−5
2 ' 1.4 × 10−11 are so small. We have used
the Gauss-Legendre method [41] when we integrate the
function numerically.
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FIG. 8: Frequency dependences of L1 and L2 in the (a) three-, (b) two- and (c) one-dimensional systems.
Appendix C: TDGL theory in equilibrium
1. General Formulation
We review the TDGL theory in equilibrium system
based on our formalism [29]. We assume the weak vector
potential A(t) without specifying its form. The super-
conducting fluctuation with the wave vector is obtained
as
〈|ψq(t)|2〉 =
C
Γ2V
∫ t
−∞
dt′ exp
[
− 2
Γ
(
q2
4m
+ a
)
(t− t′)
]
×
(
1 +
2e
mΓ
∫ t
t′
dt′′ q ·A(t′′)
)
+O (A2) , (C1)
where we used the random average given by Eq. (6). We
can expand the representation of the current up to the
first order of A as
j(t) =
∑
q
e
mV
[q − 2eA(t)] 〈|ψq(t)|2〉, (C2)
≡ j0(t) + j1(t) +O
(
A2
)
, (C3)
where
j0(t) =
e
mV
∑
q
q〈|ψq(t)|2〉0 = 0, (C4)
j1(t) =
e
mV
∑
q
q〈|ψq(t)|2〉1 − 2e
2
mV
A(t)
∑
q
〈|ψq(t)|2〉0,
(C5)
≡jP1 (t) + jD1 (t). (C6)
We have treated the vector potential as perturbation.
We note that the integrand of j0(t) with respect to q
is odd function. The subscripts “0” and “1” mean the
pertubation order of A. The symbols “P” and “D” mean
“Paramagnetic” and “Diamagnetic” contributions. We
abbreviate the argument r since the current is spatially
uniform.
Performing the Fourier transformation, the current is
rewritten as
jµ(ω) = Kµν(ω)Aν(ω), (C7)
≡ (KPµν(ω) +KDµν(ω))Aν(ω), (C8)
where
KPµν(ω) =
2e2C
m2Γ3V 2
∑
q
qµqν
g(q)2
1− iωg(q) , (C9)
=
2e2C
m2Γ3V 2
∑
q
qµqνg(q)
2
∞∑
n=0
(iωg(q))
n
, (C10)
KDµν(ω) =−
2e2C
mΓ2V 2
δµν
∑
q
g(q). (C11)
The paraconductivity σµν(ω) is then obtained by
σµν(ω) =
Kµν(ω)
iω
. (C12)
Note the relation KPµν(ω)|n=0 = −KDµν(ω). The total
kernel can be rewritten as
Kµν(ω) =
2e2C
imΓ2V 2ω
δµν
∑
q
∞∑
n=1
(iωg(q))
n+1
n+ 1
. (C13)
When we define a dimensionless frequency ω˜ = ωγ1 =
Γω
2a ,
the response kernel is further rewritten as
Kµν(ω) =
e2C
imΓV a
· 1
ω˜
δµνI(ω˜), (C14)
where
I(ω˜) =
∫
dq
(2pi)d
[
−iω˜ 4ma
q2 + 4ma
− ln
(
1− iω˜ 4ma
q2 + 4ma
)]
.
(C15)
In the following, we perform the q-integral for each di-
mension.
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2. Three-dimensional system
The AC paraconductivity for d = 3 is given by
σµν(ω) =
e2C
√
m
3piV
a−1/2δµν
[
L1
(
Γω
2a
)
+ iL2
(
Γω
2a
)]
,
(C16)
where
L1(ω˜) =
1
ω˜2
[
2−
√
2
(√
1 + ω˜2 + 1
)
+ ω˜
√
2
(√
1 + ω˜2 − 1
)]
,
(C17)
L2(ω˜) =
1
ω˜2
[
−3ω˜ +
√
2
(√
1 + ω˜2 − 1
)
+ ω˜
√
2
(√
1 + ω˜2 + 1
)]
.
(C18)
The dependence of these quantities with respect to ω˜ is
shown in Fig. 8(a).
3. Two-dimensional system
The AC paraconductivity for d = 2 is given by
σµν(ω) =
e2C
2piV
a−1δµν
[
L1
(
Γω
2a
)
+ iL2
(
Γω
2a
)]
,
(C19)
where
L1(ω˜) =
1
ω˜2
[
ω˜ arctan ω˜ − 1
2
ln
(
1 + ω˜2
)]
, (C20)
L2(ω˜) =
1
ω˜2
[
arctan ω˜ +
1
2
ω˜ ln
(
1 + ω˜2
)− ω˜] . (C21)
These functions are shown in Fig. 8(b).
4. One-dimensional system
The AC paraconductivity for d = 1 is given by
σµν(ω) =
e2C
2V
√
m
a−3/2δµν
[
L1
(
Γω
2a
)
+ iL2
(
Γω
2a
)]
,
(C22)
where
L1(ω˜) =
1
ω˜2
[
−2 +
√
2
(√
1 + ω˜2 + 1
)]
, (C23)
L2(ω˜) =
1
ω˜2
[
ω˜ −
√
2
(√
1 + ω˜2 − 1
)]
. (C24)
These functions are shown in Fig. 8(c).
We note that the vertical axis in Fig. 8 is normalized
by the L1(ω˜ → 0). For all the dimensions, L1 (L2),
which is the real (imaginary) part of paraconductivity,
is an even (odd) function of frequency. These quantities
satisfy the Kramers-Kronig relation. As seen from Fig. 8,
the behavior in the low-frequency region is sharper for the
lower dimensional system.
Appendix D: Additional data for the double
pump-shot model in three- and one-dimensional
systems
While the double pump-shot model in the two-
dimensional system is studied in the main text, here we
show the results in three and one dimensions to make the
data complete. Figure 9 shows the time dependence of
the fluctuation, current density and free energy, which
are the plots similar to Fig. 5. Figures 10 and 11 show
the non-equilibrium component of the DC and AC para-
conductivties, respectively, which correspond to Figs. 6
and 7 of the main text.
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